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Introduction
We are investigating the possibility to oxidize the donor tetra(methylthio)tetrathiafulvalene, TTM-TTF, by metal cations in order to obtain cation radi cal salts with electrical conductivity. This work is en couraged by the fact that the donor bis(ethylenedithiolo)tetrathiafulvalene, BEDT-TTF, having the same skeleton of S atoms, forms superconducting salts with polyhalide and Aul2~ counterions [1] [2] [3] [4] , TTM-TTF, the molecular shape of which is more flexible than that of BEDT-TTF, has been described by several groups [5] [6] [7] [8] [9] . The structure of phase I of the neutral donor [10] , redox potentials [5] , charge transfer compounds with several organic acceptors [6 , 7, 10] , and a metallic non-stoichiometric triiodide salt [9] have been reported. We have previously de scribed two tribromide salts containing the donor in oxidation states + 1 and + 2 [1 1 ].
Experimental TTM-TTF was used as purchased from Tokyo Kasei Kogyo Co., Tokyo, and acetonitrile "Uvasol" (Merck, Darmstadt) was taken as solvent. Solutions of the donor and of Hgl2 were poured together, al lowed to stand covered on a gently warm plate for some days and then to evaporate in the air at room temperature. Large red crystals of the title com pound were obtained together with black needles, which probably contain the oxidized donor. Phase II of free TTM-TTF crystallized in red plates together with a still unidentified product, when an acetonitrile solution containing copper(II) acetate was evapo rated on a slightly warm plate.
For the X-ray investigations crystals were mounted on top of glass capillaries. Lattice parameters were derived from the setting angles of 25 reflections cen tered on a diffractometer (Syntex R3, monochromated MoKa radiation). Data were collected by 6126 scans background-peak-background and two check reflections were monitored at intervals of 100 re flections. An empirical absorption correction using V^-scans was performed. Equivalent reflections were merged, and reflections with an intensity I > 2 .5 a(I) were considered as observed. More information about the data collection and the calculations are given in Table I .
The structure of the Hgl2 complex was solved by the Patterson method and completed by Fourier syntheses. The methyl groups were refined as rigid groups with calculated H positions. The non-H atoms were refined with anisotropic thermal parame ters. The structure of uncoordinated TTM-TTF (phase II) was solved by direct methods and com pleted by Fourier syntheses. After refinement of the non-H atoms with anisotropic temperature factors, the H atoms showed up in a difference Fourier map as the most prominent peaks. They were included in the refinement without constraints and with individ ual isotropic temperature factors. Refinement by "cascade matrix" least squares was based on F with weights w = l/a2(F). Calculations were carried out on a Nova 3 minicomputer with the SHELXTL program system [12] , which uses scatter ing factors from "International Tables" [13] and takes anomalous dispersion into account. Plots were drawn on a Tektronix plotter with SHELXTL.
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Results and Discussion
(TTM -TTF) (H gl2)2
Atom coordinates are listed in Table II*, bond dis  tances and angles in Table III . The numbering scheme is shown in Fig. 1 . The center of the TTM-TTF coincides with a crystallographic inversion center. With the exception of the methyl groups the molecule is nearly planar. This contrasts the uncoor dinated neutral molecule, where a bent structure has been found [10] . (approx. C2v) octahedral. An impression of this is given in Fig. 3 , together with geometrical informa tion. Such chains run on both ends of the donor molecules. Polymeric complexes of the similar bridging ligand tetrathiafulvalene-tetrathiolate have been reported [14, 15] and studied theoretically in the context of solid state structures of dithiolene metal complexes [16] . With BEDT-TTF coordination of the S atoms of the ethylenedithiolo groups to copper has been observed [17] . In these electrically conductive com pounds partial oxidation of the ligand may be as sumed. There seem to be no definite accounts of TTF itself to coordinate to metal ions, with the possi ble exception of (TTF)2PtCl2 [18] . If Hg'* is used to oxidize TTF, the donor does not coordinate to the metal, but forms dimers and stacks accompanied by [Hg2Cl6]2~ ions and [HgCl3];-chains [19] , The oxida tion products of TTM-TTF with Hg(ll) salts are pres ently being investigated.
TTM -TTF (phase II)
Atom coordinates are listed in Table IV , bond distances and angles in Table V. The numbering scheme is shown in Fig. 4 . Contrary to the phase I [10] , where the molecule is strongly bent with dihe- Table IV. A tom coordinates in TTM -TTF, phase II, analo  gous to Table II dral angles around 20° at the S atoms of the fifemembered rings, the molecule is planar in phase II, with the exception of two methyl groups standing nearly at right angles to the molecular plane. The schematic side-view of the molecule shown in Fig. 5 gives an impression of the molecular shape. The molecules are arranged to stacks parallel to a, where the shortest intrastack S---S contact is 3.720(1) Ä, corresponding to the v. d. Waals value Symmetry codes are i) 1-x, -y, -z; ii) 1-x, -1 -y, 1 -z. [20] . Much shorter contacts occur between -SCH, groups of adjacent stacks [S(4) -S(4ii), 3.591(1) Ä, Fig. 6 ], linking the stacks to sheets. This interaction forces the corresponding methyl group out of the molecular plane. The overlap pattern of two molecules within a stack is shown in Fig. 7 . Such regular stacks are not observed in phase I [10] , where the bending of the molecules results in a looser packing (dc = 1.57 gem-3 versus 1.62 gem-3 in the present case).
It is possible to estimate the oxidation state of the donor TTM-TTF from the charge-sensitive lengths of the central C=C bond and of the bonds between these C atoms and the S atoms of the TTF core [10, 11] . As the C = C bond becomes longer and the C-S bonds shorter upon oxidation, the ratio of the C-S to the C = C bond lengths is a good criterion [11] . The present study improves the correlation by adding, in addition to TTM-TTF, phase I [10] , the values for phase II (identical in this aspect to phase I) and for the complexed donor in (TTM-TTF) (Hgl2)2.
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